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We report on the development of an etching setup for use in the preparation of platinum/iridium tips
for atomic force microscopy and scanning electrostatic force microscopy as well as scanning
tunneling microscopy. The etching process is based on a two step electrochemical procedure. The
first step is a coarse alternating current ~ac! etching in which the etching is continuous and stops
automatically when the lower part of the wire drops off, while the second step is a fine etching made
by a number of ac pulses, each of a certain duration and separated by a certain interval of time.
When the tip material being etched is platinum/iridium ~10%! the influence of the stop phase of the
ac current terminating each pulse in the second etching is found to be negligible, while in the case
of second etching of tungsten wires it is important to break the pulse in a certain phase to avoid
formation of a thick oxide layer. In order to explain the relatively high etching rates observed for the
otherwise noble metal platinum we suggest that besides anodic corrosion of the platinum by the
electrolyte containing chloride ions, a different etching mechanism causes a substantial increase of
the etching rate. This mechanism is based on the formation of oxygen and hydrogen at the platinum/
iridium electrode when the potential is above the dissociation potential of water ~;1.23 V! and
storage of these products interstitially in the outer layers of the platinum wire. This leads to
‘‘microexplosions’’ that detach fragments of platinum from the wire surface and hereby give rise to
‘‘etching’’ of the wire. In the second etching blunt tips become sharp while tips which are already
sharp apparently stay sharp. Therefore, the second etching scheme with pulses separated by pauses
is found to be a very important factor for the production of sharp tips. After being etched the tips
are ready for use in scanning tunneling microscopes, or they may be bent to form integrated
tip/cantilever systems in ordinary commercial atomic force microscopes, being applicable as tapping
mode tips and as electrostatic force microscopy tips. © 1999 American Institute of Physics.
@S0034-6748~99!01207-1#
I. INTRODUCTION
This article is concerned with the production of scanning
probe microscopy tips from wires of platinum/iridium. Their
mounting in a scanning tunneling microscope ~STM! is
straightforward, while for atomic force microscopy ~AFM!
and scanning electrostatic force microscopy ~SEFM! they
have to be bent and given a reflecting cantilever facet.
The art of preparing sharp tips for scanning tunneling
microscopy is fairly developed already,1–9 and many differ-
ent methods have been used in the course of time. Two com-
mon ways of tip preparation are simply cutting the wire with
a wire cutter or by electrochemical etching. The choice of
method depends, among other things, on the metal from
which the tips are made and on the environment the tip is
going to be used in. Cutting tips with a wire cutter is appli-
cable only when very flat surfaces are investigated because a
cut tip is very jagged.2 The electrochemical etching, though a
slower process than mere cutting, is preferred when corru-
gated surfaces are to be investigated because it provides a tip
with a much more controlled shape at the tip apex than cut-
ting does. If formation of oxide on the tip is negligible dur-
ing operation, as in ultrahigh vacuum, most people use in
situ cleaned tungsten tips because they are very easy to etch,
while in ambient air or in liquid tips from platinum/iridium
are preferable for STM experiments in order to prevent the
tip–sample gap from being destroyed by the formation of
oxide. In this article we present results obtained by electro-
chemical etching of platinum/iridium wires.
When measuring micrometer-sized charge distributions
on insulating surfaces by means of an atomic force micro-
scope, a conductive cantilever and tip are needed to achieve
a fast and immediate reaction to the surface charge distribu-
tions underneath the tip apex.10,11 There are different ways of
obtaining conductive atomic force microscopy cantilevers.
One way is to coat a nonconducting cantilever with a thin
metallic film, which may consist of platinum or a chromium/
gold alloy. However, if an evaporation chamber or sputtering
source are not available, it may be a good idea to look for
other cantilever–tip production schemes. In Refs. 10 and 11
a new tip production scheme is proposed: a scanning tunnel-
ing microscope tip is simply bent at an angle of 90°, the
upper part of the STM tip shaft thereby forming a cantilever
and the lower part of the tip shaft forming a shank with the
tip apex. The advantage of this construction is that it is very
simple and fairly easy to produce without advanced equip-
ment. Further, if the bending of the STM tip is performed
some hundreds of micrometers away from the tip apex, thea!Electronic mail: morch@fysik.dtu.dk
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cantilever will be sufficiently far away from charges on the
surface to make its geometrical shape without significance
for the quantitative evaluation of the size of the surface
charge. The electric field originating from the surface
charges then mainly creates image charges in the outermost
region of the tip being close to the charges. This tip shape
can be approximated by a hyperboloid10 thus facilitating the
quantitative evaluation of the electric field strength. If one
uses a coated standard AFM cantilever, the cantilever is usu-
ally only a few micrometers above the surface, and therefore
a quantitative evaluation of the charges on the surface must
take into account the geometrical shape of the cantilever due
to its proximity to the surface charges.
When the scheme of a bent STM tip is utilized the tip
first has to be etched, then the 90° bending of the tip is made.
The subsequent preparation of the tip for mounting in the
atomic force microscope depends on how the microscope
detects the deflections of the cantilever beam. The detection
schemes usually used are interferometric ones,12–15 or it is
the simple deflection detection system based on a position
sensitive detector.16,17 We use the latter one in our electro-
static field measurements.
II. EXPERIMENTAL PROCEDURE
A. Setup
Our etching setup is developed from the etching setup
first used by Song et al.,7 and it operates with two etching
steps of the Pt/Ir wire, a coarse first etching and a finer sec-
ond etching, which are carried out in the same apparatus.
The setup is shown in Fig. 1.
The Pt/Ir wire, which for our purposes is of diameter
0.25 mm, is mounted in the brass wire holder S, where it is
fixed with a screw. A sufficient length of wire protrudes from
S to allow it to pass through a layer of electrolyte, typically
about 4–5 mm thick which floats on top of an insulating
liquid, and into a mercury drop contained in an acid resistant
stainless steel cup placed beneath S in the insulating liquid.
Copper wires from the cup to the brass support rod, and from
this rod to the power supply establish the electrical connec-
tion between the Pt/Ir electrode and the power supply phase
terminal. A counter electrode C made from eight long, thin
graphite rods, mounted in a circular arrangement of diameter
40 mm on the brass holder R above the electrolyte, passes
through the electrolyte layer symmetrically around the Pt/Ir
electrode and it is electrically connected to the ground termi-
nal of the power supply. Etching occurs only on the part of
the wire being in contact with the electrolyte. If desired, the
part of the wire right beneath S may be electrically shielded
by a teflon tube, which is sharpened to allow gas bubbles to
escape. Hereby it is possible to adjust the length of the wire
being in contact with the electrolyte by the micrometer screw
M, even if the layer of electrolyte is considerably thicker
than the length of wire which is to be etched, typically 1–2
mm. However, the gas bubbles formed during etching partly
screens the upper part of the tip and thus reduces the effec-
tive length of etching. A stainless steel ball is placed between
M and the sample holder S to avoid torque transfer when M
is adjusted, and a spring ensures firm mechanical and elec-
trical contact.
A continuous 50 Hz alternating current ~ac! voltage of
amplitude ;4.3 V @3 V root-mean-square ~rms!# is used in
the first, coarse etching where the electric current is led to the
Pt/Ir electrode through the mercury drop, Fig. 1. This first
etching is terminated automatically when the lower part of
the Pt/Ir wire drops off and thereby almost instantaneously
breaks the electrical circuit. Now the upper part of the etch-
ing equipment with the sample holder may be dismounted,
so that the brass screw fixing the Pt/Ir wire to S can be
loosened, and a suitable length of the wire with the coarsely
etched tip can be cut off from the rest of the wire. Such tips
are stored in a tip holder ~or mounted on magnetic AFM base
plates!. Now a length of new wire can be fed into the sample
holder to make it ready for coarse etching of another tip.
When the required number of coarsely etched tips has
been produced the tips can again be mounted one by one in
the specimen holder S for sharpening by second ~fine! etch-
ing. This is performed in the same apparatus as used for the
first coarse etching. The setup used for the second etching is
FIG. 1. Etching setup used in our experiments. In the coarse first etching the
applied current passes through the conductive mercury drop in the insulating
bottom liquid to the Pt/Ir wire. In the finer second etching the current is led
to the Pt/Ir electrode directly from the micrometer screw marked M. Only
the hatched or filled parts of the setup are electrically conductive. C is the
graphite counter electrode while S is the wire holder.
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almost the same as in the first etch, but the teflon shield
around the Pt/Ir wire is not needed, and the coarsely etched
tip has to be submerged only about 0.5 mm into the electro-
lyte layer which remains as in the first etching. The external
power supply has to be disconnected from the Hg drop,
which is now left isolated in the electrically insulating liquid,
and it is instead connected to the Pt/Ir tip via the micrometer
screw M. Thus, the current runs via M, the steel ball and the
tip holder S to the tip and then via the electrolyte and the
carbon counter electrode C back to the power supply, Fig. 1.
Again 50 Hz voltage of amplitude ;4.3 V ~3 V rms! is
applied to the tip, but now only as a specified number of
current pulses, each of specified pulse duration and stop
phase. The stop phase is continuously adjustable by means of
the home built power supply. In the present experiments the
stop phase of the pulses was either 190° ~i.e., the pulse
stopped at maximum positive voltage applied to the Pt/Ir
wire! or 290° ~i.e., the pulse stopped at maximum negative
voltage applied to the Pt/Ir wire!. The duration of a pulse is
specified by the number of full cycles before the truncated
stop cycle emerge. We have chosen to use three different
numbers of full cycles, namely 0 full cycles ~i.e., the actual
pulse duration equals the duration of the truncated termina-
tion cycle!, 5 full cycles ~actual pulse duration is equal to
100 ms1the duration of the truncated cycle!, or 50 full
cycles ~actual pulse duration is equal to 1000 ms plus the
duration of the truncated cycle!.
The correct tip submersion in the electrolyte layer is ob-
tained by applying a low voltage before tip–electrolyte con-
tact is established, and when operation of the micrometer
screw makes the current start the screw is turned down an-
other 0.5 mm.
The insulating liquid used is methyl trichloro acetate
(CCl3COOCH3), which is less poisonous than carbon tetra-
chloride (CCl4) previously used in the setup by Song et al.
The electrolyte is made of 20 ml saturated CaCl2 solution
~r51.44 g/cm3! and 20 ml 3.3 wt. % HCl with 2 ml acetone
added ~i.e., ;5% by volume!. This gives a layer thickness of
the electrolyte of about 4–5 mm in our current etching setup.
The electrolyte can typically be used for three to six coarse
etchings before it has to be exchanged ~or to be refilled with
acetone!. The acetone is added to control the gas bubble
formation at the electrode. If no acetone was added the
bubbles formed during etching grew very large before they
detached from the electrode, and they gave rise to inhomo-
geneous etching of the tip. The addition of acetone makes the
bubbles escape from the electrode already at sizes lower than
0.1 mm thereby making the etching process more smooth.8 If
notably more than 5% acetone by volume is used, the content
of acetone becomes too high, and a two-phase solution
emerges with pure acetone on top. Furthermore, acetone is
soluble in the methyl trichloro acetate ~as well as in carbon
tetrachloride! used as insulating bottom liquid. In order to
avoid it being too diluted by acetone, the concentration of
acetone in the electrolyte must be kept as low as possible
without losing the effect of letting small bubbles escape the
electrodes. We have found that a concentration of 5% by
volume of acetone fulfills both requirements.
The main differences between the present setup and the
setup in Ref. 7 are the introduction of the mercury drop
electrode contact and the graphite rod counter electrode.
Song et al. used a platinum foil to establish electrical contact
to the Pt/Ir wire in the insulating bottom liquid. The advan-
tages of the mercury drop setup are that the sideways force
on the Pt/Ir wire occurring in the setup with the platinum foil
is eliminated, thus lowering the risk of bending the Pt/Ir wire
during etching and a better electrical contact is achieved. The
disadvantage of the mercury drop setup is that the surface
tension of the mercury drop has to be overcome by the Pt/Ir
wire for a satisfactory electrical contact to be established.
This is in general no problem with a fresh and unetched Pt/Ir
wire of diameter 0.25 mm. However, if for some reason it is
wanted to check the etching before it has come to an end, the
surface tension may become a problem in the subsequent
reinstallation of the Pt/Ir wire in the etching setup, because
the etched part of the wire may be too thin to resist the
upwards force exerted by the mercury drop before the wire
penetrates the surface of the drop. Usually there is no reason
for checking the Pt/Ir wire before the coarse etching is fin-
ished, and therefore the surface tension of the drop does not
present a serious problem.
Another problem might be the amalgamation of that part
of the Pt/Ir wire which is submerged into the mercury drop.
Earlier studies18 shed light on the solubility of mercury in
platinum. In these, highly purified platinum powder ~0.2–0.3
g! was mixed with mercury in a quartz tube that subse-
quently was evacuated and heated to a given temperature for
up to 350 h. The lattice parameter of the platinum was mea-
sured by x rays before and after the treatment, and if it was
changed less than 0.001 Å, the solubility of mercury was
estimated to be negligible. This turned out to be the case for
temperatures below 100 °C,18 implying that the solubility of
mercury in platinum is negligible for temperatures below
100 °C. In our experiments, the temperature of the mercury
drop was close to room temperature, so amalgamation of the
Pt/Ir wire appears not to be a serious problem. It should be
noted that the solubility of mercury in platinum increases
abruptly at a temperature around 250 °C due to reactions in
the Pt–Hg system,18 reaching a value of 15.3 at. % at a tem-
perature of 255 °C. Three different intermediate solid phases
have been identified,19,20 namely the Hg4Pt phase, the Hg2Pt
phase, and the HgPt phase. Due to the low degree of reaction
between the Pt/Ir wire and the Hg drop the drop does not
need cleaning before at least ten coarse etchings have been
performed. ~Hg can be recovered from the amalgame by
treatment with HNO3!.
Finally, it should be mentioned that generally the
dropoff part of the Pt/Ir wire cannot be used as a STM tip
simply because it is too difficult to find it undamaged in the
mercury drop. This may be the most serious disadvantage
compared to the setup in Ref. 7.
The graphite counter electrode used instead of the annu-
lar platinum wire counter electrode in Ref. 7 ensures that this
electrode is not etched and its open structure allows circula-
tion of the electrolyte in all the layers.
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B. Etching process
The etching of a Pt/Ir wire is a rather lengthy process
due to platinum being a noble metal. In a review paper by
Llopis21 it is stated that anodic corrosion of platinum in
H2SO4 or in NaOH is almost undetectable while some cor-
rosion of platinum is observed in a solution containing Cl2
ions as long as the potential across the electrochemical cell is
lower than 0.91 V. The solved platinum atoms form either a
Pt~II!C4
22 complex or a Pt~IV!C6
22 complex. These products
compete with the chloride ion, Cl2, in reaching the platinum
electrode when it is the anode in the electrochemical cell,
thus lowering the attacks by the chloride ions on the plati-
num surface atoms. When the voltage applied to the cell
exceeds 1 V the electrochemical yield for anodic corrosion
decreases to nearly zero due to passivation of the electrode.
This passivation is mainly a result of formation of a molecu-
lar oxide layer on the platinum surface21 but may also be
influenced by the attraction of the negatively charged com-
plexes PtCl4
22 and PtCl6
22 to the anode thus preventing the
chloride ions Cl2 from reaching the anode.
Superposing an ac current on the direct current ~dc! cur-
rent in the electrochemical cell markedly enhances the cor-
rosion rate of the platinum.21 This occurs when the current
density iac of the ac current at the platinum electrode surface
exceeds a critical value iac,crit which is proportional to the dc
current density idc . The alternating current reverts the passi-
vation mechanisms in the negative phase ~the oxide layer on
the platinum electrode is dissolved when the electrode is the
cathode in the cell!, thereby leaving a ‘‘fresh’’ platinum elec-
trode in the positive phase. Finally, it is mentioned by Llopis
that the etching rate of platinum increases for decreasing
frequency, becoming intense when a 10 Hz square-wave al-
ternating current is applied to the electrochemical cell.
In order to compare our etching rates with the ones cited
by Llopis in ~Ref. 21! we assume that the shape of the plati-
num electrode before etching is a cylinder of length l and
radius r0 ~50.125 mm!, while after etching the shape has
turned into two opposing cones with the total height l and a
base radius r0 . This gives a corrosion rate d* of 0.89
mg/~mm2 h! in our experiment at an ac current density iac of
63.3 mA/mm2 ~based on the initial cylinder surface area!22
giving an electrochemical yield of 0.4% for Pt~II! and 0.8%
for Pt~IV!. In Ref. 21 the reported etching rates are found
experimentally only for ac current densities up to 0.18
FIG. 2. Scanning electron micro-
graphs of tip PtIr #15. It is observed
that the tip is sharpened significantly
by being second etched. The scale bars
shown are 50 mm in the upper row,
500 nm in the middle row and 50 nm
in the lower row.
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mA/mm2, and for dc current densities of 0.00, 0.05, 0.5, 2.5,
5.0 mA/mm2. Extrapolating the idc50 mA/mm2 data to an ac
current density of 63.3 mA/mm2 leads to a corrosion rate
d*50.49 mg/~mm2 h!, i.e., 55% of our estimated experimen-
tal value.23 The molar concentration of the Cl2 ions was 4
mole/l in the experiment reported on by Llopis21 while it was
5.4 mole/l in our experiment. This difference might partially
explain the observed enhanced etching of the platinum wire
in our experiments, but an extrapolation of Llopis’ data to
the extent above may not be justified, because a current den-
sity as high as the one used in our experiments requires high
potentials, and different reaction channels may occur in dif-
ferent potential regimes. It is known that both oxygen and
chloride compete for sites on the platinum electrode surface
when it is positive, but for positive potentials lower than
circa 1 V, chloride ions win and corrosion takes place while
for positive potentials larger than circa 1 V oxygen starts to
chemisorb to the surface leading to the passivation of the
electrode surface.21 With these facts in mind, it does not
seem appropriate to extrapolate Llopis’ data to our value of
current density, because the current density used in our ex-
periments is obtained for an applied voltage of 3 V rms,
which is way above the passivation regime. Therefore, it
seems necessary to find another etching mechanism which
can explain the high etching rate observed in our experi-
ments.
A suggestion for another etching mechanism besides an-
odic corrosion ~which is based on the attachment of the chlo-
ride ions Cl2 to the platinum anode followed by detachment
of the complexes PtCl4
22 or PtCl6
22 when the anodic poten-
tial is high enough! would be ‘‘microexplosions.’’ This idea,
brought about by Andersen,24 is based on the fact that the
potential applied to the electrochemical cell is above the dis-
sociation potential of water ~1.23 V!25 leading to the forma-
tion of oxygen at the anode and hydrogen at the cathode.
Thus hydrogen will be formed at the platinum electrode
when it is negative, and some of the hydrogen formed will
diffuse interstitially into the electrode. In the positive phase
oxygen will be formed, and now some of it will diffuse into
the platinum, though the penetration depth is likely to be
shorter for oxygen.26 Despite the differences in penetration
depths for hydrogen and oxygen, a reactive mixture of hy-
drogen and oxygen will be formed in the outer layers of the
platinum electrode, leading to microexplosions when this gas
mixture reacts chemically.28 Scanning electron microscopy
pictures shown in Fig. 6 may support this scenario.
III. RESULTS AND DISCUSSION
A. Tip etching
Figure 2 presents five scanning electron micrographs of
the Pt/Ir tip called PtIr #15. It was coarse etched in an old
setup without a contact in the insulating bottom liquid, im-
plying that the etching current was supplied through the up-
per part of the Pt/Ir wire during both first and second etch-
ings. In cases like this, the etch operator has to manually
switch off the current when the lower part of the wire drops
off in order to terminate the etching. Unfortunately, the cur-
rent was switched off too late, leaving a very blunt tip. This
is seen in the left hand column of Fig. 2. However, second
etching of this tip in the same electrolyte using pulses sharp-
ens the tip as shown in the right hand column.
As mentioned above, the second etching was performed
by means of 50 Hz ac pulses of specified duration and stop
phase @amplitude ;4.3 V ~3 V rms!#. An electronic equip-
ment especially developed for that purpose was used7 ~de-
FIG. 3. Scanning electron micro-
graphs of tip PtIr #17. Already after
the first etching this tip was sharp,
having a radius of curvature of ;50
nm. After the second etching the tip
radius was as small, maybe even
slightly smaller than before. The scale
bars shown are 500 nm in the upper
row and 50 nm in the lower row.
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tailed information of this equipment is available from the
authors!. The stop phase was deliberately chosen to be either
190° or 290° ~i.e., the pulse stopped when it was either
most positive or most negative!, while the duration of the
pulses was changed between ;10 and ;1000 ms. It turned
out that the stop phase is not important when etching Pt/Ir
wires, contrary to etching tungsten wires. In the latter case,
the stop phase had to be negative in order to get rid of the
oxide layer.7 The reason for the insensitivity to the stop
phase in the case of platinum is probably that platinum is an
inert metal, and therefore the etching times are long ~in com-
parison with, e.g., tungsten!, rendering the last 10–20 ms
insignificant. The second etching process is a combined
etching/cleaning process. In the case of tip PtIr #15, the ra-
dius of curvature was substantially reduced by the second
etching made by 40 pulses, each of duration 1 s and with one
pulse every 2nd second.
The second etching procedure outlined above for tip PtIr
#15 ~i.e., forty polishing pulses, each of duration 1 s! can be
used also on tips which are already sharp after the first etch-
ing, as the tip PtIr #17 presented in Fig. 3. This tip got a
small radius of curvature already by the coarse first etching
for which reason a second etching would not be necessary.
However, in order to establish whether or not a second etch-
ing performed routinely on all etched tips would destroy tips
already sharp from the first etching, several tips, which all
had a small radius of curvature after the first etching, were
second etched using the same scheme as for tip PtIr #15.
Actually, the tip PtIr #17 got 60 pulses, each of duration 1,
while PtIr #15 got only 40. Even 60 pulses do not seem to
increase the radius of curvature of the tip if it is sharp al-
ready.
It is not easy to explain why the tip radius of curvature
of an already sharp tip apparently stays unchanged during a
second etching. In Ref. 7 it is suggested that the second
etching of the tungsten wire occurs only at the tip shanks
while the tip apex is protected from being etched by a space
charge distribution of inactive ~with respect to etching! ions
surrounding the apex due to the higher electric field strength
found at the apex. If the shank is etched while the apex is
not, a higher aspect ratio tip and thus a smaller radius of
curvature of the tip apex is achieved.
In the present case, the active component in etching
platinum is the chloride ion Cl2 forming the platinum com-
plexes Pt~II!C4
22 or Pt~IV!C6
22 which are inactive from an
etching point of view. These complexes may compete with
the chloride ions for the free sites on the surface of the plati-
num electrode, but it does not seem evident that these com-
plexes are better to force out the chloride ions at the tip apex
than at the tip shank. Furthermore, according to our discus-
sion above, the Cl2 ion-induced corrosion may be the minor
contribution to the total etching. Therefore, the etching sce-
nario suggested in Ref. 7 does not seem to apply in the case
of platinum.
Taking the microexplosion scenario as our starting point
it may be argued that at the tip apex the lattice will be ex-
panded more than anywhere else because here the electric
field is strongest and the restoring lattice forces are smallest.
This lattice expansion will most likely change the hydrogen
as well as the oxygen content in the lattice, but whether the
densities will increase or decrease is not evident. This must
depend on how the interstitial diffusion of the hydrogen and
oxygen atoms changes with changing lattice parameter in the
host matrix.
The striking improvement of tip PtIr #15 during second
etching, see Fig. 2, must in some way depend on the nature
of the process, that is the shift between etching for 1 s and
having a pause for at least 1 s. If instead the etching had been
performed by one single continuous 50 Hz ac pulse of 40 s
duration the tip would most likely have stayed blunt just as if
the first etching had lasted 40 s more ~the etching time of tip
PtIr #15 in the first etching was 1 h and 40 min!. Therefore,
it seems of fundamental importance that second etching is
performed with ac pulses separated by pauses, which are at
FIG. 4. Important differences between continuous etching that is used in the
coarse first etching, and the pulsed etching used in the finer second etching,
are illustrated. By using pulsed etching tip shank etching occurs along with
the tip apex etching because bubbles and platinum complexes are removed
in the pauses. This prevents the formation of a blunt tip. If no tip apex is
present, the resulting tip shank shape by continuous etching is as exempli-
fied in the upper row to the right, the ultimate shape being dependent on the
intensity of bubble formation and its shielding effect.
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least as long as the etching pulses. Furthermore, the pulse
duration and the pause duration must both be comparable to
some characteristic time in the ion diffusion caused by the
electric field and the convection of electrolyte due to bubble
and heat formation, see Fig. 4. When the etching is initiated
fresh electrolyte everywhere at the tip surface results in an
even etch rate at the tip shank and the tip apex. During etch-
ing the platinum/chloride complexes Pt~II!Cl4
22 and
Pt~IV!Cl6
22 as well as bubbles move upwards along the
shank while fresh electrolyte arrives at the tip apex and
gradually the etching of the shank is inhibited. This occurs
during continuous etching and gives rise to a blunt tip if its
apex is exposed to the electrolyte. If no tip apex is present,
which will be the case during the coarse first etching, the
shape of the tip shank typically obtained before the lower
part breaks off and thereby terminates the first etching will
be as shown to the right in the upper row of Fig. 4.
If a pause is introduced, as shown in Fig. 4~b! the layer
of complexes and bubbles dissolves and moves upwards dur-
ing the pause and fresh electrolyte can attack the shank dur-
ing the subsequent etching pulse. The etching rates of the tip
shank and the tip apex will then be comparable thus prevent-
ing the formation of a blunt tip. We believe that this is a
reasonable picture of the etching process. The duration of the
pulses and the pauses is decisive for the buildup and the
subsequent disappearance of complexes and bubbles in the
electrolyte as well as for the hydrogen and oxygen content in
the surface layers of the tip. In other words, the pulse and
pause durations are important parameters which can be used
to change the relative etching rates of shank and apex etch-
ing and thereby tailor a tip shank shape with a particular
aspect ratio.
According to the above-mentioned etching scenario both
tip apex etching and tip shank etching occurs during second
etching of Pt/Ir tips. Figure 2 shows a pronounced sharpen-
ing of a blunt tip by second etching while Fig. 3 shows how
an already sharp tip remains sharp during second etching.
Figure 5 reveals that the second etching removes the front of
the tip. In this case the radius of curvature after the second
etching is slightly larger than usual and exceeds that of the
first etching, though it is still fairly small.
Tip PtIr #06 shown in Fig. 5 has a characteristic shape
with a sudden narrowing of the wire into a smaller microtip
protruding from a ‘‘neck’’ at the tip shaft. This is fairly
atypical. Out of 12 tips investigated in the scanning electron
microscope only this one, and tips which are first etched at
FIG. 5. Scanning electron micro-
graphs of tip PtIr #06. As in the case
of tip PtIr #17, the small radius of cur-
vature is almost maintained after the
second etching. However, the tip
shank is only half as long as after the
first etching. The scale bars used are
20 and 50 mm in the top row ~left and
right hand micrographs, respectively!,
5 mm in the middle row, and 100 nm
in the lower row.
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twice as high current density as usual, exhibited this microtip
formation. The rest of the tips investigated by scanning elec-
tron microscopy look as the tips PtIr #15 and #17 ~Figs. 2
and 3!.
The current density is a very important parameter in the
etching process. The etching time depends heavily on the
current density, and decreases with increasing current den-
sity. However, the operator should not simply turn up the
voltage and thereby the current to get shorter etching times.
Usually this leads to a very rough surface, as shown in Fig.
6. The rough surface may be a result of increased explosive
activity. For tip PtIr #22 the current density was twice as
high as usual leading to higher production rates of oxygen
and hydrogen in the positive and negative phases, respec-
tively. Therefore, the amounts of stored hydrogen and oxy-
gen in the platinum lattice as well as their penetration depths
will increase which leads to more and deeper microexplo-
sions. For time intervals in which the applied potential is
below the dissociation potential of water, the corrosion pro-
cess, in which the platinum–chloride complexes are formed,
works as a polishing process, smoothing out the craters left
after the explosions. The combined effect of microexplosions
and corrosion ~or polishing! may lead to a surface which
looks like the one shown in Fig. 6.
It should be noted that the wire material used is 90%
platinum and 10% iridium. At 600 °C the maximum solubil-
ity of iridium in platinum is below 6 at. % iridium.20 There-
fore, at thermodynamic equilibrium the iridium atoms in the
Pt/Ir ~10%! wire will precipitate and form inclusions with a
semicoherent interface in the platinum matrix. However, we
have reason to believe that the wire material is not at ther-
modynamic equilibrium. X-ray measurements on the wire
material revealed a lattice constant of 4.088 Å,30 while the
lattice constant of a pure platinum wire was found to be
3.904 Å ~Ref. 30! using the same method of X-ray scattering.
The tabulated value of the lattice constant of pure platinum is
3.923160.0005 Å,25 while it is 3.83 Å for pure iridium.31 If
the iridium in the Pt/Ir ~10%! wire had formed precipitates in
the platinum matrix, two lattice constants would have been
found, one for pure iridium and one for ~almost! pure plati-
num, but only one lattice parameter was found, and it was
bigger than those of both pure platinum and pure iridium. It
is not obvious why the lattice parameter should be bigger for
a homogeneous alloy of platinum and iridium, but the impor-
tant part is that no rings were found corresponding to the
lattice parameters of pure iridium or pure platinum. Thus, we
do not believe the iridium in the wire has precipitated. Ac-
cordingly, the etching of the Pt/Ir ~10%! wire should be ho-
mogeneous and no indication exists that the craters found in
the etched surface of tip PtIr #22 could be due to iridium
inclusions being etched away before the surrounding plati-
num is etched away.
In Fig. 6 another feature characteristic of first etching at
high current density is shown, namely the formation of a
‘‘huge’’ sphere at the end of the tip shaft. During etching, the
bridge between the upper half and the lower half of the
platinum/iridium wire exposed to the electrolyte becomes
thinner and thinner, and eventually it breaks, which termi-
nates the first etching. The etching current runs through this
bridge, and with the thinning of the bridge the current den-
sity through it increases. We believe that eventually the cur-
rent density through the cross section of the bridge becomes
so large that the bridge simply melts, thereby forming the
huge sphere of wire material. The formation of the sphere
has been observed for all tips etched at high current densities
~;120 mA/mm2!.
FIG. 6. Scanning electron micro-
graphs of tip PtIr #22. The current
density in the first etching was twice
as high as usual, i.e., ;120 mA/mm2.
Four tips were etched with this high
current density, all showing the fea-
tures apparent from these pictures of
tip PtIr #22, namely the very rough
surface covered with ‘‘craters,’’ the
huge sphere which terminates the tip,
and the neck formation also seen for
tip PtIr #06, Fig. 5. The scale bars in
the upper row are both 20 mm while in
the lower row the scale bars are 2 mm
and 100 nm in the left hand and the
right hand micrographs, respectively.
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B. Tip bending
In order to produce tips for AFM and SEFM for use in
our atomic force microscope the etched tips were bent at an
angle of 90° some hundreds of micrometers away from the
tip apex, thereby forming an integrated tip/cantilever system,
see Figs. 7~b! and 7~c!.32 The etched tip was mounted on a
magnetic base plate used in our AFM. This unit was then
positioned and fixed in a special tool so that the tip shank
could be bent by a slider attacking perpendicular to the tip
shaft about one wire diameter outside the support edge of the
tool. On top of the cantilever a concave mirror was then
created by pressing a ball of stainless steel, diameter 3.2 mm,
into the cantilever by applying a force of 100–150 N, thus
exceeding the tensile strength of Pt90/Ir10 over a suitable
area. The ball is mounted in a pressing tool which can re-
place the bending tool with the slider. The resultant cantile-
ver is shown from above in Fig. 7~a! and in side view in
Figs. 7~b! and 7~c!. These tips were successfully used for
tapping mode AFM as well as for measurements of electro-
static forces.32
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FIG. 7. Three pictures of tip PtIr #21 taken in an optical
microscope after the tip was bent and a concave mirror
was made on the upper side of the cantilever. The scale
bar shown in ~a! applies to all three pictures. In ~a! the
cantilever is seen from above, revealing the concave
mirror, while ~b! shows the cantilever/tip system in side
view with the concave mirror at the upper side. Picture
~c! was taken to check that the tip was not harmed
during the bending and mirror formation processes.
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